The Idarado Mining Company (Idarado) mined gold, silver, copper, lead and zinc in the Red Mountain and Telluride mining districts in southwest Colorado between the 1940s and 1978. In 1983, the State of Colorado filed a natural resource damage claim against Idarado to address historic environmental impacts linked to past mining and milling activities. After prolonged negotiation and litigation, Idarado and the State of Colorado agreed on a comprehensive plan to improve water quality in local streams and reclaim historic mining sites. Six tailing storage facilities that were constructed during 65 years of ore processing were reclaimed between 1993 and 1995. The elevation of the tailing facilities range from 2,709 to 3,208 m. A direct reclamation approach was implemented by using the tailings as the primary plant growth media and amending the upper 45 cm of the tailings with lime, limestone, manure, and straw. Plant cover was monitored annually for the past 12 years (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008), along with metal uptake by the dominant plant species. Plant cover was determined using permanent and random point-line transects on both the top surface and side slopes of each tailing facility. The four most dominant grasses and two most dominant forbs on each tailing facility were collected for metal analysis, using both washed and unwashed samples. The State of Colorado established specific standards associated with plant cover and species diversity that will be applied after 15 growing seasons to determine reclamation success. Plant cover and species diversity exceed the State standards in all years where precipitation is average or above average, based on long-term climate records. However, in years where precipitation is below average, plant cover falls below expectations. Plant metal concentrations (i.e. Cd, Cr, Cu, Pb, and Zn) are consistently below levels considered to be phytotoxic, regardless of the year and species tested.
Introduction
Mining in the Red Mountain and Telluride mining districts in southwest Colorado began in the mid 1800s and left behind a vast array of facilities and structures including old town sites, railroads, bridges, power plants, mining and milling structures, and mine rock and tailing piles.
In the wake of more than 100 years of mining, there was a legacy of mine and mill features (Hardy et al., 1999) .
Idarado produced Au, Ag, Cu, Pb and Zn. During the 1940s, the Idarado Mine provided base metals to support the Allies efforts during World War II. In 1978, the last ore was mined from the underground workings and milling operations ceased.
In 1983, the State of Colorado filed a natural resource damage claim against Idarado to address the historic environmental impacts in the two mining districts. After intense and prolonged negotiations and litigation, Idarado and the State of Colorado agreed on a comprehensive plan to improve the water quality in the regions streams and rivers and reclaim historic mining sties, which have been accomplished. The entire effort was a successful collaboration between a number of stakeholders, including the local communities of Telluride and Ouray, local town and county governments, the State of Colorado and Idarado. The plan successfully achieved a balance between historic preservation and environmental protection.
Between the Telluride and Red Mountain operations, six significant tailing storage facilities were constructed during the 65 years of ore processing at the Pandora and Red Mountain mills.
Idarado recognized that development of a closure and land-use plan would require a collaborative effort to address the district mining community's historic character and minimize disruption to the tourist driven local economy. Traditional reclamation methods would employ extensive removal and/or cover-type activities that require substantial disruption of the local communities and additional land resource disturbance. Exportation of mine and mill-related waste materials would have involved thousands of truck trips through local communities, causing disruption and increased traffic. Importing cover materials would also result in disruption to the community unless the cover materials were mined locally. Idarado sought a better solution based upon evolving reclamation technology; converting the tailing materials into viable soil substrate that would support a self-sustaining plant community capable of resisting wind and water erosion.
This approach departed from traditional techniques and became the primary remedial choice based upon extensive input Idarado sought from this author, along with local community and government agencies. As a precursor to final reclamation, Idarado established field-scale testing of direct, in-situ revegetation in the mid 1980s (Redente and Baker, 1996) . Based on the results of field-scale testing, a plan was designed and implemented for full-scale reclamation beginning in the mid 1990s. The Remedial Action Plan (RAP) that was developed between Idarado and the State of Colorado established revegetation success standards for live plant cover, total cover (i.e. live vegetation and litter), and species diversity (U.S. District Court, 1992) . Revegetation success will be determined after 15 years of monitoring or as early as 2011 for some tailing facilities. Monitoring of revegetation success has continued on an annual basis and is the subject of this paper. The following presents a summary of plant cover and metal uptake data collected over a 12-year period to measure revegetation success of the direct revegetation program initiated by Idarado on tailing piles in the Telluride and Red Mountain mining districts.
Methods and Materials

Site Description
The Idarado mine is located between the towns of Telluride (population 1,950) and Ouray MT/ha; 2) manure at 90 dry MT/ha; 3) hay or straw, at 45 MT/ha; and 4) fertilizer, at 140 kg N/ha, 289 kg P/ha, and 92 kg K/ha. Limestone, manure and hay were mixed to a depth of 45 cm in June 1993 and fertilization was completed at the end of September. The tailing pile was then seeded in October with the seed mixture presented in Table 1 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha. Telluride Tailing Pile 2. Telluride Tailing Pile 2 (TT 2) was revegetated at approximately the same time as TT 1. The revegetation process included the incorporation of: 1) limestone, at an application rate of 244 MT/ha; 2) manure, at 90 dry MT/ha; 3) hay or straw, at 45 MT/ha; and 4) fertilizer, at 140 kg N/ha, 289 MT P/ha, and 92 MT K/ha. Limestone, manure and hay were mixed to a depth of 45 cm in July 1993 and fertilization was completed at the end of September.
The tailing pile was then seeded in October 1993 with the seed mixture presented in Table 1 .
The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha. limestone, at an application rate of 217 MT/ha; 2) manure, at 90 dry MT/ha; 3) hay or straw, at 45 MT/ha; and 4) fertilizer, at 140 kg N/ha, 289 kg P/ha, and 92 kg K/ha. Limestone, manure and hay were mixed to a depth of 45 cm in August 1993 and fertilization was completed at the end of September. The tailing pile was then seeded in October with the seed mixture presented in Table 1 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha.
Telluride Tailing Pile 4. Telluride Tailing Pile 4 (TT 4) was revegetated one year after TT 1-3.
The revegetation process included the incorporation of: 1) limestone, at an application rate of 249 MT/ha; 2) manure, at 90 dry MT/ha; 3) hay or straw, at 45 MT/ha; and 4) fertilizer, at 57 kg N/ha, 274 kg P/ha, and 90 kg K/ha. Limestone, manure and hay were mixed to a depth of 45 cm in June 1994 and fertilization was completed in October. The tailing pile was then seeded in
October 1994, with the seed mixture presented in Table 1 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha.
Telluride Tailing Piles 5&6. The revegetation of Telluride Tailing Piles 5&6 (TT 5&6) was begun in 1995 and completed in 1996. The revegetation process included the incorporation of: 1) lime, at an application rate of 3 MT/ha; 2) limestone, at a rate of 757 MT/ha; 3) manure, at 90 dry MT/ha; and 4) hay, at 45 MT/ha; and 4) fertilizer, at 57 kg N/ha, 274 kg P/ha, and 90 kg K/ha. Amendments were mixed to a depth of 45 cm. One portion of the tailing piles was seeded in the fall of 1995 and the remaining portion of the piles was seeded in the fall of 1996 using the seed mixture in Table 1 . Seeding took place at difference times because of the size of the tailing piles and reclamation schedule which was dictated by weather. Seeding was followed with straw mulching at a rate of 4.5 MT/ha.
Red Mountain Tailing Pile 1. Red Mountain Tailing Pile 1 (RMT 1) was revegetated in 1993 and 1994. The revegetation process included the incorporation of: 1) lime, at an application rate of 4 MT/ha, 2) limestone, at a rate of 181 MT/ha; 2) manure, at 90 dry MT/ha; 3) hay or straw, at 45 MT/ha; and 4) fertilizer, at 56 kg N/ha, 277 kg P/ha, and 90 kg K/ha. Limestone, manure and hay were mixed to a depth of 45 cm in September 1993 and fertilization was completed at the end of September 1994. The tailing pile was then seeded in October 1994, with the seed mixture presented in Table 2 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha. Red Mountain Tailing Pile 2. Red Mountain Tailing Pile 2 (RMT 2) was revegetated in 1996.
The revegetation process included the incorporation of: 1) lime, at an application rate of 12 MT/ha; 2) limestone, at a rate of 528 MT/ha; 3) manure, at 90 dry MT/ha; 4) hay, at 45 MT/ha; and 5) fertilizer, at 56 kg N/ha, 277 kg P/ha, and 90 kg K/ha. Amendments were mixed to a depth of 45 cm. The tailing pile was seeded in the fall of 1996 with the seed mixture presented in Table 2 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha.
Red Mountain Tailing Pile 3. Red Mountain Tailing Pile 3 (RMT 3) was revegetated in 1994.
The revegetation process included the incorporation of: 1) lime, at application rates of 0.5 MT/ha; 2) limestone, at a rate of 672 MT/ha; 3) manure, at 90 dry MT/ha; 3) hay or straw, at 45
MT/ha; and 4) fertilizer, at 56 kg N/ha, 277 kg P/ha, and 89 kg K/ha. Limestone, manure and hay were mixed to a depth of 45 cm in August and September 1994 and fertilization was completed in October 1994. The tailing pile was then seeded in October 1994, with the seed mixture presented in Table 2 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha. The top segment of this tailing pile was reseeded in July 1995 because of poor plant growth in June and July. Poor plant growth was attributed to extended periods of standing water on the tailing pile in late spring of 1995 which resulted in high seed mortality.
Red Mountain Tailing Pile 4. Red Mountain Tailing Pile 4 (RMT 4) was revegetated in 1995.
Prior to the application of amendments to the top surface of RMT 4, the pile was tilled, sampled, and analyzed for pH and acid generation potential. In order to accomplish this task, the top surface of RMT 4 was divided into a network of sampling grid cells that were approximately one acre in surface area to account for the high variability in acidity. The testing for pH indicated that 21 of the 29 grid cells would require the addition of lime. Lime was added to these 21 cells at a rate of 3.5 MT/ha. Similarly, based on tests for acid generation potential, limestone was added at a rate of 755 MT/ha to the 21 cells. In addition to lime and limestone, manure was spread over the surface of the tailing pile at a uniform rate of 90 dry MT/ha and tilled into the surface. Hay was also spread and incorporated at a uniform rate of 45 MT/ha. Inorganic fertilizer was applied to the top surface of RMT 4 at the following rates: 66 kg N/ha, 336 kg P/ha, and 106 kg K/ha. All amendments were applied between the period of September 14 and October 14, 1995 and incorporated to a depth of 45 cm. The tailing pile was then seeded in late October 1995, with the seed mixture in Table 2 . The site was mulched with straw immediately after seeding, at a rate of 4.5 MT/ha.
Sampling Methods
In August of each year, plant cover was measured on Telluride Tailing Piles 1-6 and Red
Mountain Tailing Piles 1-4. Live canopy cover was measured by the point method, using a vegetation sighting scope mounted on an adjustable tripod with a level. Cover was measured for each species encountered, as well as litter, rock, and bareground. Cover measurements were made along two permanent and four randomly placed transects that traversed the length of each pile on both top and slope segments. A total of 100 points were randomly sited along each transect to collect cover data in the categories of live vegetation, litter, rock, and bareground. An adequate number of cover points were observed to estimate the population mean at a 90 percent level of confidence following sample adequacy calculations described by Bonham (1989) .
Plant tissue samples of leaves and stems were randomly collected for metal analyses at the time of cover sampling. Composite samples were collected from the most abundant grass and forb species (4 grasses and 2 forbs) growing on each tailing pile segment. Plant samples were split and one half of each sample was washed in deionized water to provide tissue metal concentrations for washed and unwashed samples to separate plant uptake from surface deposition that would occur from soil splash associated with rainfall events. All samples were analyzed for total concentrations of cadmium, chromium, Cu, Pb, and Zn at the Colorado State University Soil, Water and Plant Testing Lab using a nitric perchloric digestion and Inductively
Couple Plasma-Atomic Emission Spectroscopy.
Revegetation Success Standards
Revegetation success on Telluride and Red Mountain Tailing Piles will be determined by applying certain criterion, stated in the RAP, for total cover, live cover, and species diversity.
Final determinations of success will be based on vegetation data collected during the last two years of the evaluation period. Reclamation of the top surface of each pile will be judged successful if the following criteria are met: 1) total cover (i.e. live vegetation and litter) is equal to or greater than 80%; 2) live cover is equal to or greater than 60%; 3) no single species contributes more than 50% of the live cover; and 4) at least four perennial species each contribute a minimum of 3% of the live cover. The revegetation of the side slopes will be deemed successful if the following criteria are met: 1) total cover is equal to or greater than 70%; 2) live cover is equal to or greater than 60%; 3) no single species contributes more than 50% of the live cover; and 4) at least four perennial species each contributes a minimum of 3% of the live cover.
Results and Discussion
Cover on Telluride Tailing 93% on the top segment and between 40% and 90% on the slope segments of RM 1 (Fig. 3) .
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Live cover fell below the success standard of 60% in two of the 12 years (1997 and 1998) The horizontal line at 60% canopy cover represents the criteria for live plant cover that must be met for revegetation success.
Cover on Red Mountain Tailing Pile 2
Percent canopy cover of live vegetation varied over the 12 years of monitoring between 30% and 91% on the top segment and between 43% and 87% on the slope segments of RM 2 (Fig. 4) . The horizontal line at 60% canopy cover represents the criteria for live plant cover that must be met for revegetation success.
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Cover on Red Mountain Tailing Pile 3
Percent canopy cover of live vegetation varied over the 12 years of monitoring between 44%
and 90% on the top segment and between 32% and 75% on the slope segments of RM 3 (Fig. 5) .
Live cover fell below the success standard of 60% in four of the 12 years ( The horizontal line at 60% canopy cover represents the criteria for live plant cover that must be met for revegetation success.
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Species Performance Across Tailing Piles
The tailing piles in the Telluride District were seeded with 16 species (Table 1 ) and the tailing piles in the Red Mountain District were seeded with 12 species (Table 2) A listing of the best performing species for both Telluride and Red Mountain Tailing Piles are presented in Table 3 . Beginning in 1998, the most dominant species are listed in Table 3 for alternate years to provide a summary of those species that showed the best performance. The number of species from year to year that contributed at least two percent cover is relatively consistent, with some decline in 2008 from previous years. In addition, there has been a great deal of consistency in species dominance over time, with both grasses and forbs/legumes contributing to the plant communities that have become established. 
Meeting Revegetation Success Standards
The Remedial Action Plan (RAP) established between Idarado and the State of Colorado lists several criteria for revegetation success. These criteria include the following: 1) total cover (i.e. live vegetation and litter) is equal to or greater that 80% for the top surface of the tailing pile or 70% for the side slopes; 2) live cover is equal to or greater than 60% for the top and side slopes of the tailing pile; 3) no single species contributes more than 50% of the live cover; and 4) at least four perennial species each contribute a minimum of 3% of the live cover.
Live and total cover has been addressed above and with the exception of below average precipitation years, the criterion for live cover was consistently met for the top and side slopes of all tailing piles. Total cover was met in all years and on all tailing piles for both top and side slopes, except for RM 2 in 1997, which was the first growing season for this tailing pile.
The criteria that no single species contributes more than 50% of the live cover and that at least four perennial species each contribute a minimum of 3% of the live cover were met in every year and on every tailings pile, with few exceptions. If an exception to either criterion occurred, it was always isolated to a single year and long-term trends indicate that these criteria are achievable.
Plant Tissue Metal Concentrations
Plant tissue samples collected for metal analyses consistently provided three findings across years and tailing piles. The first was that washed plant samples had metal concentrations that were almost always lower than non-washed samples. Secondly, metal concentrations were below levels considered to be phytotoxic for Cd, Cr, Cu, Pb, and Zn based on published values (Kabata-Pendias,2001; Levy et al., 1999; Paschke and Redente, 2002; Paschke et al., 2000; Paschke et al., 2006) . Finally, forb and legume tissue concentrations were consistently higher than concentrations in grass tissue. This data set represents just one year of data and is presented to provide a snap shot of plant tissue metal concentrations for grasses and forbs/legumes as distinct life form groups after 12 years of plant growth. These concentrations represent washed samples, which were typically about 10 percent lower than unwashed samples. 
The issue of potential toxicity to native ungulates was investigated during field-scale testing of direct in-situ revegetation in the mid 1980s. Data were not published from this investigation, but results indicated that plant metal concentrations would not pose a risk to native grazers that might use the tailing facilities for forage.
Conclusions
The direct revegetation approach implemented by Idarado has been successful to date in establishing relatively diverse and sustainable plant communities on acid-generating tailings at elevations above 2,700 m. The incorporation of lime and/or limestone along with manure and hay has created a non-acidic growth medium capable of supporting plant cover and species diversity at levels to meet success criteria established by the State of Colorado. As noted earlier, traditional reclamation methods would have employed extensive removal and/or cover-type activities, thus disrupting local communities and requiring additional land resource disturbance.
Direct revegetation approaches similar to what was implemented in the Telluride and Red
Mountain mining districts appear to have promise for other sites where soil cover is limited or unavailable.
